Abstract: In this paper, we derive the field equations of quartic quasi-topological gravity by varying the action with respect to the metric. Also, we obtain the linearized graviton equations in the AdS background and find that it is governed by a second-order field equation as in the cases of Einstein, Lovelock or cubic quasi-topological gravities. But in contrast to the cubic quasi-topological gravity, the linearized field equation around a black hole has fourth-order radial derivative of the perturbation. Moreover, we analyze the conditions of having ghost free AdS solutions and AdS planar black holes. In addition, we compute the central charges of the dual conformal field theory of this gravity theory by studying holographic Weyl anomaly. Finally, we consider the effect of quartic term on the causality of dual theory in the tensor channel and show that, in the contrast to the trivial result of cubic quasi-topological gravity, the existence of both cubic and quartic terms leads to a non-trivial constraint. However, this constraint does not imply any lower positive bound on the viscosity/entropy ratio.
Introduction
The anti-de Sitter/conformal field theory (AdS/CFT) correspondence provides an interesting framework to study the non-perturbative quantum field theories. This kind of duality for the first time introduced in the context of string theory. However, the most strong version of this conjecture is generalized to gauge/gravity duality independent of string theory consideration. According to this duality, in principle, one can perform gravity calculation to find information about the field theory side or vice versa [1] . As a simple model in the context of AdS/CFT, one can consider Einstein gravity with a two-derivative bulk action. But in this circumstance, the dual theory is restricted to the large N and large 't Hooft couplings. Moreover, the central charges of a conformal field theory (CFT) relate to coupling constants of its dual gravity. Therefore, Einstein gravity restricts dual theory to limited class of CFT with equal central charges [2] . In order to extend the duality beyond these limits, one needs to involve higher curvature terms or derivatives of curvature tensor in the gravity action. It is clear that each correction term introduces a new coupling constant and so this procedure leads to the extension of parameter space and central charges and richness of the CFT theory [3] [4] [5] . It is natural to take the correction terms which arises from a UV complete theory such as string theory. However, considering some toy models may help us to learn more about the AdS/CFT duality.
Gauss-Bonnet (second order of Lovelock) term with quadratic interaction or in general, Lovelock terms in all the orders are well-known corrections which usually are added to Hilbert-Einstein action. Lovelock gravity has some interesting features. For example, it leads to second-order field equation [6] and so it has ghost free AdS solution [7] . However, because of topological features of Lovelock theory, Gauss-Bonnet term has no contribution in spacetimes less than five dimensions and third-order of Lovelock contributes in seven or higher-dimensional spacetimes. Thus, for studying four-dimensional field theory with a five-dimensional holographic dual, only Gauss-Bonnet term is accessible. Throughout the recent years, most of the interesting holographic aspects of Lovelock gravity, has been studied [10] [11] [12] [13] [14] [15] [16] [17] . It is known that the second order Lovelock gravity (Gauss-Bonnet gravity) admits supersymmetric extension [8] , while all the higher-orders of this theory have only the necessary condition of supersymmetric extension [9, 10] . By these considerations and for studying the effects of cubic interaction in the non-supersymmetric gravity on the fourdimensional CFT dual, the cubic quasi-topological gravity has been constructed [18] . This toy model provides a second-order field equation for spherically symmetric spacetime and admits ghost free AdS vacuum and asymptotic AdS black hole solutions in five dimensions [18] [19] [20] [21] [22] . As mentioned in Ref. [20] , one expects that the quasi-topological gravity may create a better understanding of non-supersymetric holography and some constraints like causality bound [11] and positive energy restriction [5] . In fact, in the supersymmetric models the positive energy constraint involves causality bound, so they do not imply independent bound on the parameters of theory [5, 10, [12] [13] [14] [15] [16] [17] . Moreover, it has been shown that the causality constraint and positive energy bound do not match in general, particularly for theories with more than second derivative in the field equation [5] . Practically, positive energy and causality constraints are interesting, for example, for studying the conjecture about the existence of a lower bound on the ratio of shear viscosity to entropy [11, 20, 23] . However, the cubic quasi-topological gravity interaction does not imply any causality bound [20] . So the question is: does higher-order quasi-topological gravity has the same trivial result? By this motivation a more interesting version of quasi-topological gravity with quartic curvature terms has been introduced in Ref. [24] . In this paper, we are interested in the studies of the effects of this quartic term on the conditions of existence of ghost free AdS spacetimes and planar AdS black holes. Moreover, we like to know some aspects of quartic interaction on the CFT 4 in context of AdS 5 /CFT 4 .
Outline of this paper is as follows: We begin with a review on the action of quartictopological gravity in Sec. 2. In Sec. 3, we obtain the general form of fourth-derivatives field equations by varying the action with respect to the metric g ab . Moreover, we use this field equation for a spherically symmetric spacetime in order to show that the general fourth-derivative equation reduce to a second-order field equation. Also, we find the quartic equation which its roots describes the planar AdS solutions and review the thermodynamics of these black holes. Then in Sec. 4 , we show that the first-order perturbation around an AdS solution reduces to a second-order wave equation for graviton. By using this wave equation, we obtain the conditions of existence of a ghost free AdS solution. In Sec. 5, we review a few properties of general solutions of quartic equation. In Sec. 6, we obtain the constraints on the parameter space of quartic quasi-topological gravity for having ghost free AdS and planar AdS black hole. In Sec. 7, we will use the standard approach of AdS/CFT to compute the central charges of four-dimensional conformal field theory dual to the five-dimensional quartic quasi-topological gravity. Section 8 is devoted to the study of perturbation around a planar AdS black hole and the possibility of causality violation. Moreover, the necessary condition for preserving the causality condition in tensor channel is introduced. Finally in Sec. 9, we consider the causality constraint in order to find whether it can imply any positive bound on the viscosity/entropy ratio. We finish our paper with some concluding remarks.
Review of Quartic Quasi-topological Action in Five Dimensions
In this section, we review some features of the cubic and quartic quasi-topological gravity in a five-dimensional spacetime, which may be considered as the dual of a four-dimensional CFT. This theory of gravity produces second-order differential equations of motion for a spherical symmetric spacetime. The bulk gravity action in the presence of a cosmological constant can be written as:
where L 1 = R − 2Λ and L 2 = R abcd R abcd − 4R ab R ab + R 2 are the Einstein-Hilbert and Gauss-Bonnet terms, and L 3 and L 4 are the cubic and quartic terms of quasi-topological gravity, respectively [18, 24] :
2) 
Field Equation of Quartic Quasi-topological Gravity
Here, we will closely follow Ref. [25] to derive the field equation of quasi-topological gravity by varying the action with respect to the metric g ab . Consider a general action
where L m is the matter Lagrangian and L g (g ab , R a bcd ) is a general gravitational Lagrangian, which contains the metric and Riemann tensors but not any derivatives of R a bcd . Variation of this action with respect to g ab leads to
2)
where T ab is the energy momentum tensor of matter field. By considering ∂ √ −g/∂g ab = − √ −gg ab /2, one obtains
So, the field equation can be written as
To have an explicit form of the field equation, one needs to calculate P abcd in term of Riemann and metric tensor. In general, the field equation (3.5) contains fourth-order derivatives of the metric due to the existence of ∇ m ∇ n P amnb . But for Einstein and any Lanczos-Lovelock Lagrangian ∇ n P amnb = 0, and therefore the field equation (3.5) contains at most second-order derivatives of the metric. Using standard software [26] , it is a matter of calculation to show that P abcd for the Lagrangian of quasi-topological gravity (2.2) is
where
In Eq. (3.7), Π (i)abcd 's are
,
One can show that ∇ n P amnb = 0 for static 1 spacetimes (with flat, spherical or hyperbolic boundary) in the quartic quasi-topological gravity, and therefore the field equation is at most second-order differential equation.
Planar AdS Black Holes in 5 dimensions
The metric of a five-dimensional planar AdS static spacetime may be written as
Using the field equations of quasi-topological gravity, one obtains
So, the metric functions must satisfy the following equations 15) where the integration constant r h is the radius of black hole horizon. Moreover, the last equation shows that N (r) is a constant which we set it N (r) = f
to fix the speed of light on the boundary equal to one. The constant f ∞ is determined by taking r → ∞ (or equally r h → 0) limit of Eq. (3.14). Thus, it is one of the roots of the following quartic equation
One may note that the radius of the AdS vacuum solution is L ef f = Lf −1/2 ∞ 2 . The black hole solutions of Eq. (3.14) have a horizon at r = r h . The Hawking temperature of this horizon is given by
Moreover, the energy and entropy densities are 18) and therefore as like as any natural 5-dimensional black hole duals to a thermal CFT 4 , the relation between these quantities are M = 3T s/4.
Linearized Graviton Equation in the AdS 5 Vacuum
As we mentioned, the field equation of quasi-topological gravity for static spacetime is second-order differential equations. But, here we like to study the field equation under a small perturbation around the AdS 5 background. For cubic quasi-topological gravity, the authors of Ref. [18] examined the linearized equations of motion for a graviton perturbation, and showed that the linearized graviton equation in an AdS background is second-order. Here, we like to do the same job in quartic quasi-topological gravity. We examine the following trial perturbation around the AdS 5 background:
Using Eq. (3.6), one finds that ∇ m ∇ n P amnb = 0 + O(ε 2 ). For instance, the graviton equations E rt and E xy in the AdS background up to first order in ε are
which show that the propagation of a graviton in an AdS background is governed by a second-order equation. T ab , which has been added to the right-hand side of the field equation, is due to the minimally coupling of the metric and the matter field which creates the perturbation, or it can be taken into account for the higher order contributions in the graviton. Here, we should emphasize that we have tried various small perturbation around 2 It is worth to mention that in a D-dimensional (D > 8) isotropic spacetime with constant curvature boundary, the field equation of quasi-topological gravity is the same as that of quartic Lovelock theory. Thus, the black holes of quartic quasi-topological gravity are the same as those of quartic Lovelock gravity in D > 8 dimensions. Detailed analysis of non-planar black holes of quartic Lovelock gravity are provided in [33] . Of course, the cubic and the quartic terms of Lovelock gravity vanish for D < 7 and D < 9, respectively.
AdS 5 background to make sure that the above result is true for any first order perturbation. It seems that the above equations for a general small perturbation may be written in the same form as that of cubic quasi-topological gravity [18, 20] . That is
where ∇ a is the covariant derivative of the AdS 5 metric and h ab is the perturbation around the AdS 5 background g (0)ab . This result up to an overall constant factor is the same as the propagation of a graviton in the AdS 5 background of the Einstein's theory of gravity (λ = µ = ν = 0). However, one can think about the sign of this overall factor and compare it with Einstein case, to conclude that one has a ghost free theory (as like as Einstein theory) provided
If this condition is violated, the kinetic term in the action will be appeared with an opposite common sign. Moreover, we will see in the following sections that how this property relates to the positive mass assumption of the black hole solution and unitary condition of dual theory. The fact that gravitons propagating in an AdS background simply obey the same equation of motion as in the Einstein gravity plays an important role in the understanding of the holographic properties of cubic quasi-topological gravity [20] and quartic quasi-topological gravity introduced in Ref. [24] .
General Solutions of Quartic Equations
The most general form of a quartic equation is given by
which admits four solutions as
As one may see in Ref. [27] , the general reality conditions of these solutions can be determined by the signs of G, H, ∆ and
The nature of roots is as follows: I. Two real and two complex roots: If ∆ < 0, then there are two real and two complex roots.
II. Four real roots: If ∆ > 0, δ > 0, H < 0 , then all the four roots are real. III. No real roots: If ∆ > 0, δ < 0, H < 0 or ∆ > 0, H ≥ 0, then there exists no real root. In order to find the complete analysis for the special cases where either of ∆, δ, H or G vanishes one can see [27] .
Asymptotic AdS Black Hole Solutions
In this section, we study the conditions of existence of asymptotic AdS black hole solutions. Indeed, as we will see, the AdS spacetime and AdS black hole exist only in a limited region of the full parameter space.
Ghost Free AdS Solutions
As we mentioned before, the asymptotic AdS solution exists when the large r limit of the quartic equation
h /r 4 = 0 has positive real roots. That is, the quartic equation (3.16) should have positive real root. Indeed, the cases with f ∞ < 0 relate to dS solutions. So, we should find the conditions on the parameters λ, µ and ν that Eq. (3.16) admits positive real roots. Moreover, we are interested in ghost free theory and therefore these real positive roots should fulfil the ghost free condition (4.5). To see the effects of quasi-topological terms, we first limit our study in the absence of Gauss-Bonnet term (λ = 0), and give some comments in the presence of Gauss-Bonnet term (λ = 0) at the end of this section. In the absence of Gauss-Bonnet term, the discriminant functions ∆, δ, H and G reduce to
Using the fact that γ(0) = 1 and the large-x behavior of γ(x) = 1 − x + µx 3 + νx 4 , one can analyze the roots of γ(f ∞ ) = 0 as follow. For x → ±∞, the quartic term dominates, γ(x) ≈ νx 4 , and therefore the sign of ν determines the behavior of polynomials γ(x) for asymptotic values x → ±∞ . In addition, H < 0. Thus, the analysis of the solutions is as follows: I. For the case (I) discussed in previous section with two real and two complex roots, two cases happen.
a. ν > 0: in this case the Vieta's formulas Π 4 i=1 f ∞(i) = 1/ν implies that the two real roots have the same signs. This is due to the fact that the two complex roots are conjugate and their product are positive. Therefore in this case, there are two AdS or two dS vacua where always one of the AdS solution is ghosty and the other is ghost free. However, one can check that for positive µ, when G < 0 the two roots are positive and for G > 0 the two roots are negative. Moreover, for µ < 0 the roots are positive [27] . In summary, there are one ghosty AdS and one ghost free AdS for µ < 0 and for µ > 0 with negative G. b. ν < 0: by using the Vieta's formulas, it is easy to see there are one AdS and one dS solution. In this case by considering the slope of γ ′ (f ∞ ) < 0 and the asymptotic behavior f ∞ → ±∞, one finds that the AdS solution is ghost free.
II. For case (II) discussed in the previous section with four real roots, one may find from Fig. 1 that this case happens only when µ > 0. Again, two cases happen.
one may see that it is not possible that all the roots have the same sign. In addition, γ(0) = 1 and the asymptotic behavior γ(f ∞ ) ≈ νf 4 ∞ show there are two positive and two negative roots. So, in this case there are two dS solutions and two AdS where only one of the AdS solution is ghost free. b. ν < 0: the Vieta's formulas. Π 4 i=1 f ∞(i) = 1/ν shows that the numbers of negative roots are odd. But, it is a matter of numerical analysis to show that it is not possible to have three negative roots. Thus there are three AdS solutions while only one of them is ghost free.
Ghost Free AdS Planar Black Holes
Now, we study the conditions of existence of AdS planar black holes. In order to have this kind of black hole, the metric function f (r) must have a few properties. First, one may expect for large r the metric function behaves as
where m is related to the mass of black hole and should be positive. By substituting this expansion in Eq. (3.14) and using Eq. (3.16), one obtains
which shows that for a ghost free (γ ′ (f ∞ ) < 0) AdS black hole solution (γ(f ∞ ) = 0), m is positive. This fact relates the problem of negative mass to the problem of ghost in the AdS background. Second, for an AdS black hole solution f (r) must be a real monotonous increasing function in the domain r ∈ (r * , ∞) from the negative value f * = f (r * ) to f ∞ > 0 (see Fig. (2) ) 3 . As we will show later, the spacetime is singular at r * and f (r) is complex for the excluded region r < r * (see Fig. 2 ). In this case, f (r) is zero at r = r h and therefore f (r) describes a black hole solution. This shows that f ∞ in Eq. (6.2) must be the smallest positive real root of γ(f ∞ ) = 0. This requirement excludes any extremum for γ = γ(x) between x = 0 and the smallest positive real root x = f ∞ [16] . Since, any extremum in this domain indicates the possibility of a naked singularity [18, 28] . To be more clear, suppose that there is an extremum for γ(x). One may note that any extremum of γ(x) related to a double root solution of γ(f ) at r = r * . Now, expanding γ(f ) around r = r * , one obtains
where f * = f (r * ) and α and β i 's are constant factors. So, one can show that the behavior of the Kretchman scalar at r = r * in term of γ ′ is
However, a double root occurs when γ(f * ) = 0 = γ ′ (f * ), and therefore we have an essential singularity at r = r * . But, one may note that any maximum for x < 0 may relate to a singularity behind a horizon, in this case f (r) is complex for excluded region r < r * (see Fig. 2 ). In summary, there is a black hole solution if γ(f ∞ ) = 0 has a positive real root with
In order to analyze the extrema of γ = γ(x), we may study the roots of γ ′ (x) = 0, Figure 2 . γ(f ) versus f (r) for different r. Black dots show the value of f (r) for a black hole solution at different r. Note how f (r) increases from a negative value at r = r * to a positive value as r → ∞, and it is complex for r < r * .
The Vieta's formulasx 1x2x3 = (−1) 3 (−1/4ν) andx 1x2 +x 1x3 +x 2x3 = 0 imply
Moreover, a cubic equation like γ ′ (x) = 0 has three real roots or one real and two complex roots. The former leads to the possibility of the existence of two negative roots and one positive or vice versa. The later shows the real root may be either positive or negative. On the other hand, The sign of product of roots depends on sign of ν. By using these hints, one finds that for ν > 0 there are one real positive and two complex roots or one positive and two negative real roots. Also for ν < 0, there are one real negative and two complex roots or one negative and two positive real roots. In addition, one may consider the condition of the existence of complex roots for our cubic equation by investigating the sign of the discriminant function D = 4ν 4 − µ 3 ν 2 . When D > 0 there are one real and two complex roots and for D < 0 all the roots are real. We will ignore special cases where D = 0 here (see [18] for useful information on cubic equation). By using these facts, we may easily study the conditions of existence of black hole as follows (see table 1 ). Consider case (a) of table 1, which admits four real roots for γ = γ(x) corresponding to two AdS and two dS solutions. This condition shows the existence of three extrema as one may see in Fig. 3 . A positive extremum occur between the two AdS and a negative must locate between the two dS solutions. Third extremum could be either negative or positive. However, as we mentioned above the sign of product of the roots is determined by the sign of ν. So, for region (a) (ν > 0) third extremum must be negative and therefore there is a black hole solution, which is f 3 . Now let us examine the case (b) of table 1 with one negative and three positive real roots corresponding to one dS and three AdS solutions (see Fig. 3 ). In these cases, there are three extrema. Two of them occur between the three AdS solutions. But the other one must be between the smallest AdS solution and the dS one. On the other hand, by considering Eq. (6.5), this extremum must be negative. So, there is a black hole solution in this case. It is clear that in this situation the smallest AdS solution could correspond to asymptotic value of an AdS planar black hole. In this region f 2 describes the black hole solution. In case (c) of the table, there is no AdS solution as it is seen in Fig. 3 . Next we consider the regions (d) and (e) where there are two AdS solutions and no dS one. In this cases there is a positive extremum between the two AdS solutions as one may see in Fig. 3 . Since for ν > 0 there is no other positive extremum, a black hole solution exists. One may see the above consideration in Fig. 3 . In the region (f), there are an AdS and a dS solution. An extremum occurs between the dS and the AdS solutions which may relate to either a black hole or a naked singularity depending on the sign of this extremum. For D < 0 there is only one real root for cubic equation which shows the existence of only one extremum (see Fig. 3 ). So for ν < 0, one may find that this extremum must locate in the negative region and therefore, a black hole could exist. However for D > 0, there are three real roots for cubic equation and so three extrema which two of them must be positive. It is possible that one of them locates between zero and the ghost free AdS. So, this condition excludes black hole solution. But, one may consider the possibility of existence of black hole for D > 0 when the two positive roots are greater than the ghost free AdS solution. One may analyze this situation numerically. The region of the parameter space for which a black hole may exist has been shown in Fig. 4 . Up to now we study the possibility of existence of any extremum for x ∈ (0, f ∞ ). This corresponds to the situation where there is a real metric function f (r) which admits a horizon at r h and increases monotonously from 0 to f ∞ . Before ending this section, we give a comment on the special case λ = µ = 0 for which H vanishes. So one may study it with more care. In this case the discriminant functions ∆, δ, G and D reduce to
Thus, for ν > 27/256, ∆ is positive and so there is no real root. However, for ν < 27/256 there exist two real roots [27] which may be studied as follows. Since D > 0, there is only one extremum for γ(x) which is positive for ν < 0 and negative for ν > 0 due to the fact thatx 1x2x3 = (−1/4ν). Now, by using asymptotic behaviour of γ(x) ≈ νx 4 for x → ∞ and γ(0) = 1, it is easy to see that for ν > 0 there is a ghost free AdS and a ghosty AdS solution. However, the case ν < 0 admits a ghost free AdS and a dS solution. Thus, for ν < 27/256 a ghost free AdS black hole solution always exists. This solution is given by f 3 for ν > 0 and f 2 for ν < 0.
Up to now we have considered the cases with λ = 0 and found the regions of parameter space where AdS black holes exist. For investigation of the general cases in the presence of Gauss-Bonnet term, one should use the same argument as the above considerations. We will not study the general case in details, but we consider some special examples which will be used in the following sections. As a first example, we consider a special point in parameter space in a region which does not admit black hole for λ = 0. A point with this property occurs for example at µ = 0.4 and ν = −0.05. Figure 5 shows that a black hole solution exists only for λ < −0.257. As a second example, consider the point (λ = 0, µ = 0.06, ν = 0.02) in parameter space which is in a region that admits black hole solution. As one may see from Fig. 5 , a black hole exists for µ = 0.06, ν = 0.02 in the presence of Gauss-Bonnet term provided λ < 0.088.
Weyl Anomaly and Central Charges
In this section, we use the AdS/CFT duality for finding the central charges of CFT dual to quartic quasi-topological gravity. Indeed, when a CFT is placed on a curved background the trace of energy-momentum tensor, which is related to the central charges of CFT, is nonzero and one encounters a Weyl anomaly (for a historical review see [29] ). By finding these central charges, we want to develop the dictionary relating the couplings in five-dimensional quasi-topological gravity to the parameters which characterizes its dual four-dimensional CFT. For a CFT in four dimensions, the trace anomaly relation may be written as
are the square of Weyl tensor and Euler density in four dimensions, respectively.
In order to compute a and c, there is a standard approach in the context of AdS/CFT correspondence [2] . One can start with gravity action and uses the Fefferman-Graham expansion of the metric
g ij =ḡ (0)ij + ρḡ (1)ij + ρ 2ḡ (2) ij + ... , (7.4) whereḡ (0)ij denotes the boundary metric. The holographic approach instructs us to plug this expansion into the action and use the field equations to eliminateḡ (2)ij . The resultant action will be in terms ofḡ (0)ij andḡ (1)ij , while the latter can be found in term ofḡ (0)ij through the use of field equations. Then, in order to find the Weyl anomaly, one needs only those terms which produce a log divergence, that is
where ǫ is a cut off limit. However, doing such messy calculations for higher order gravity are cumbersome. So we use the nice trick used in Ref. [30] for calculating the central charges . We take the boundaryḡ ij as
Thus, the bulk metric is
We substitute the metric (7.7) into the action and extract the term proportional to 1/ρ, which leads to logarithmic divergence. Using the field equations for the metric (7.3), and denoting the logarithmic term as L ln , one finds
which gives α and β in terms of other parameters. The expressions E 4 and I 4 forḡ 0(ij) background can be calculated as
Now, it is straightforward to show that central charges can be obtained by using the following equations
For quartic quasi-topological gravity such calculations lead to
which reduce to the central charges of cubic quasi-topological [20] for ν = 0. It is worthwhile to mention that the central charge c is proportional to the two-points correlation function of energy-momentum tensor, and therefore in order to have unitary CFT, c should be positive. This result is in agreement with the condition (4.5) as one may expect. Indeed both of them arise from the graviton propagation in AdS background analysis, and therefore they should impose the same constraint on the parameters of gravity theory.
Causality Constraint in Tensor Channel
In this section, we perform the causality study of CFT in 4 dimensions duals to the 5-dimensional quartic quasi-topological gravity. It is known that the existence of a black hole in the bulk spacetime breaks Lorentz invariant of dual CFT, and therefore one should consider the possibility of propagation of superluminal modes in the CFT and violation of causality. In order to avoid causality violation, one may constrain the gravitational coupling. Actually, this kind of analysis has been performed for the first time in GaussBonnet gravity in Ref. [11] , and then extended to other higher order theories of gravity [12, 13, 15, 16, 31] . Here we only study tensor channels analysis, and we leave the other channels analysis for future. Naturally, the existence of higher curvature terms in a theory of gravity leads to new coupling parameters and therefore new causality constraints. However, surprisingly, cubic quasi-topological gravity does not show any new causality constraints [20] . So the question is: does quartic quasi-topological gravity has the same trivial result? Indeed, one of our main motivation for studying quartic quasi-topological gravity is these kinds of investigations. As we will see in this section, considering only quartic term without the cubic term leads to a trivial result, just like in the cubic quasi-topological gravity. However, if one considers both cubic and quartic terms, then a non-trivial result will be appeared. Here we study the causality in the tensor channel by following the procedure of Ref. [20] , closely.
Consider a black hole background such as (3.11), which is deformed by a tensor perturbation to
where we define ρ = r 2 h /r 2 in Eq. (3.14). The linearized equation of perturbation φ(ρ) may be written as
where φ (i) denotes the ith-order derivative of φ with respect to ρ, C (4) is
and C (0) and C (2) are given in the Appendix. One may note that the presence of third and fourth-order derivatives of φ with respect to ρ is a feature of quartic quasi-topological gravity which is different from the cubic quasi-topological gravity. We may emphasize that this perturbation is around a black hole solution and for perturbation around the AdS solution (f (ρ) = const.), C (4) vanishes as one may see in Eq. (8.3) . Indeed, in the cubic theory the graviton wave equation around a black hole background is second order in the radial derivative of φ(ρ) and therefore it is convenient to convert it to a Schrodinger like form and study the graviton wave function. Although in quartic quasi-topological gravity the graviton wave equation (8.2) is not second order, but for our purpose it is sufficient to work at large momentum and frequency limit of Eq. (8.2). In fact, the dispersion relation for ω and q determines the front velocity of the signals as v f ront = lim q→∞ Re(ω)/q. At this limit, we focus on the last term C (0) (ρ, q 2 , ω 2 ), which is the dominant term. Let's review the case of Gauss-Bonnet gravity (µ = 0 = ν), for which the dominant term reduces to
where f ∞ = f (ρ = 0). By using the near boundary expansion (r → ∞ or ρ → 0) of f (ρ) in Gauss-Bonnet gravity, one obtains 4) which shows that the superluminal signals will be avoided, provided 1 − 10λf ∞ ≥ 0.
In the quartic quasi-topological gravity, the constant C (0) (ρ, q 2 , ω 2 ) contains terms proportional to q 2 ω 2 , ω 4 and q 4 (see Appendix), while in the cubic quasi-topological gravity there is no ω 4 -term. By taking ω 2 = α 2 q 2 and solving for α 2 , one obtains
It is worth noting that although the above equation does not depend on λ explicitly, but it depends on λ because of the dependence of f (r) on λ. For cubic quasi-topological gravity (ν = 0), this equation reduces to f (ρ)/f ∞ , which is the same as that of Einstein gravity. But, in quartic quasi-topological gravity, Eq. (8.5) reduces to
where we have used the near boundary expansion, guarantees the near boundary causality in the tensor channel. It is worth to note that in the absence of either of the two quasi-topological terms (µ = 0 or ν = 0), no constraint is imposed on the coupling constants because of causality.
To determine the region where causality is violated, one need to consider which roots of γ(f ∞ ) = 0 corresponds to the black hole solution. Indeed, for each value of (λ, µ, ν) that admit AdS planar black hole, we check which root of the quartic equation corresponds to black hole. Then we take f ∞ associate to the black hole root and we plot the region where causality violates in the tensor channel for the special case λ = 0 (Fig.6 ). Numerical calculations show that the sensitivity of casual region with respect to variation of λ is not considerable. This is due to the fact that Eq. (8.6) does not depend on λ explicitly and f ∞ is of order one.
Holographic hydrodynamics
In order to study the effects of causality on the viscosity/entropy ratio, we will use the calculations inspired by AdS/CFT correspondence [11, 23] . Such calculations have been performed for cubic and quartic quasi-topological gravity in [20, 24] . Here, for completeness, we give a brief review of the interesting pole method [32] which has been used in [24] in order to obtain shear viscosity for a planar metric which admits black hole solution. Following the method of Refs. [20, 32] and employing the transformation u = 1 − r 2 h /r 2 to map horizon-boundary region r ∈ (r h , ∞) to u ∈ (0, 1), the metric (3.11) becomes
We expand f (u) around the simple zero at the horizon u = 0
Now we perturb the metric by the transformation dx → dx + εe −iωt dy, where ε is an infinitesimal positive parameter and evaluate the LagrangianL ≡ √ −gL g on the perturbed metric. The off-shell perturbation produces a pole at u = 0 which the residue of this pole gives us the shear viscosity
In Eq. (9.2) T is the temperature of black hole given in Eq. (3.17) and Res u=0L stands for the residue of the pole at u = 0. One obtains the viscosity/entropy ratio as
which shows that, in contrast to Lovelock gravity, the cubic and quartic terms have con- tributions in the η/s [34] . For λ = 0 this ratio reduce to
In Fig. 7 we plot the contours η/s = const on the (µ, ν) plane. From this plot, it is clear that the near boundary causality constraint in the tensor channel is not strong enough to preserve a positive bound on η/s. Of course, this fact is a common feature of higher order curvature gravities such as third order Lovelock or cubic quasi-topological gravities [13, 16] . However in the case of cubic quasi-topological gravity, the positive energy constraint restores a lower positive bound on η/s which excludes the negative value for η/s [20] . Thus, we expect that the positive energy constraints in different channels may restore a positive bound on η/s in our case too, but we leave it for future.
Another possibility is the consideration of interior geometry causality constraint. We studied the tensor channel causality in the near boundary by using the asymptotic expansion of the metric function and found some constraints on the coupling constants. However, as mentioned in [10] , the causality may be violated in the interior geometry in Lovelock gravity. So, studying the causality in the bulk may imply a stronger constraint on the parameter space and perhaps restores a positive bound on η/s. General studies of this issue is cumbersome, but to understand the probable effects of bulk causality on the negativity of η/s we take µ = .06, ν = .02 and λ = −0.07, 0, 0.07. As one can see in Fig. 5 , for these choices a black hole solution exists. In Fig.8 , we plot α 2 by substituting the metric function of the black hole solution in Eq. (8.5 ). This plot shows that 0 ≤ α 2 ≤ 1. Also, these values lead to negative viscosity. Thus, it seems that this constraint has no chance to keep η/s to be positive. However, there are some restrictions about our result. Indeed, the existence of higher derivative terms in the field equation of graviton on the black hole background does not allow us to write the wave equation in the neat Schrodinger form and analyze the potential. So, perhaps one needs to treat the effective dispersion relation α with more care. Also, it is worth to mention that our investigation is done for 5-dimensional spacetime and the bulk causality constraint is sensitive to the dimension of the spacetime. In addition, there is another source of constraints for the gravitational coupling coming from the instabilities of the plasma in the dual theory [15] . Indeed, this issue occurs when the local speed of graviton becomes imaginary α 2 < 0. This constraint, implies a lower positive bound on η/s in Lovelock theory [10] , but as we have seen above this cannot implies any positive lower bound on η/s in 5-dimensional quasi-topological gravity. But, as we have mentioned above this investigation is sensitive to the dimension of the spacetime.
Concluding Remarks
In this paper, we considered quartic quasi-topological gravity in the presence of negative cosmological constant in five dimensions. We varied the action with respect to the metric g ab and found the general tensorial form of field equation for quartic quasi-topological gravity with cubic and quartic terms in Riemann tensor. In general, this field equation includes forth-order derivatives. But for the special choices of coefficients, c i 's, given in Eq. (2.3) and spherically symmetric spacetimes, the field equation is second-order. Moreover, we showed that a linearized perturbation around an AdS spacetime reduces to a secondorder wave equation for graviton which matches to Einstein's gravity up to an overall factor. By considering the sign of this overall factor, we constrained the coupling parameters in order to have ghost free AdS solutions. In the case of quasi-topological gravity (as like as Lovelock gravity), the field equation for spherically symmetric ansatz leads to a polynomial equation (quartic equation for quartic quasi-topological gravity). For simplicity, we analyzed the quartic equation in the absence of Gauss-Bonnet term and found the region of parameter space where ghost free AdS solutions exist. In addition, we determined the region of parameter space where the existence of planar AdS black hole is possible. As one may expect, there are some regions where ghost free AdS solution exists but there is no black hole. These cases occur when there are double roots solutions for the quartic equation. In these cases, by studying the Kretchman curvature scalar, we explicitly showed that the spacetime involves a naked singularity. However, it is interesting to generalize these discussions for curved boundary and higher-dimensional spacetime [33] . We, also, considered the general case in the presence of Gauss-Bonnet term for a few special values of µ and ν.
In the context of AdS/CFT, we found the central charges of CFT 4 dual to the quartic quasi-topological gravity. We found that the unitary of the CFT 4 , which implies the positivity of central charge and relates to the energy-momentum tensor two-point function, is the same as the stability constraint which comes from the study of perturbation around AdS 5 . We also studied tensor-channel perturbation around a black hole background to find the effects of quasi-topological gravity on the causality violation. We obtained the equation for linearized perturbation around a black hole solution and found that it includes forth-order derivatives. However, in the absence of the quartic term this equation reduces to a second-order one. Moreover, in contrast to cubic quasi-topological and (Weyl) 2 gravities which do not show any causality violation, we showed that the existence of cubic and quartic terms together provide the possibility of causality violation. So in order to survive causality, one needs to imply some constraints on the region of parameter space where black holes may exist. We also considered causality constraints in the tensor channel on the viscosity/entropy ratio and found that this constraint is not strong enough to imply any positive bound on the viscosity/entropy ratio. We also studied the possibility of violation of tensor channel causality and instabilities in the interior geometry in five dimensions for some special cases. But, the positivity of α 2 does not imply any positive bound on η/s. Although this is in contrast to Lovelock gravity in seven dimensions, but one should note that α 2 is sensitive to the dimensions of the spacetime. Also, because of the existence of higher order derivatives, perhaps more careful study of quasi normal modes is necessary.
It is known that for supersymmetric theory the causality and positive energy conditions are related [5] . Here, we address the interesting study in relation between causality and positive energy constraints for a non-supersymmetric theory like quasi-topological gravity [5, 20] . Indeed, this was one of the essential motivations for studying quasi-topological gravity in a five-dimensional spacetime. But this comparison is not possible in cubic gravity frame work, since the causality does not imply any constraint [20] . However in quartic quasitopological gravity, as we have discussed above, the causality in the tensor channel creates a new constraint but it is not strong enough to imply any bound on the viscosity/entropy ratio. Thus, one may consider the possibility of causality violation in other channels [15] or positive energy constraint for quartic quasi-topological gravity in order to survive this ratio. In addition, the full study of perturbation around a black hole solution in the various channels [15, 36] and finding the quasi-normal modes in order to find the possibility of causality violation or instability are interesting. They may imply a positive bound on η/s as in the case of Lovelock theory [10, 15] . Besides, as it is mentioned in [35] the positivity of energy flux is equivalent to the absence of ghost in the finite temperature conformal field theory. So, it is worthwhile to study this property directly in the quasitopological gravity. Also by using the central charges calculated in this paper, one may study the effects of quartic quasi-topological term on the holographic c-theorem [37] and entanglement entropy [38] . We leave these interesting topics for future works.
